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LISTING OF THE CLAIMS 

This listing of claims will replace all prior versions, and listings, of claims in the application: 

Claims 1-55 (Canceled) 

Claim 56 (Currently Amended) 

| An apparatus for mixing a first fluid with a second fluid* the apparatus comprising: 
a fluid delivery system for transporting the first fluid to a mixing region; 
a duct which defines a flow path for the second fluid through the mixing region * the second 

fluid having a convex transverse second flow distribution in a central duct region and in a non-central 

duct region: and 

an elongated fluid contactor forming a flow path for the-first fluid from which the-first fluid is 

delivered into the duct, 

| wherein the elongated fluid contactor having includcs : 

an inlet coupled to receive the first fluid from the fluid delivery system; and 

a plurality of outlet orifices providing fluid communication between the flow path in the 

elongated fluid contactor and the interior of the duct through which the first fluid is delivered into the 

second fluid; 

wherein one of the orifice spacing distributiQn and orifice size distribution is configured to givq a 

convex transverse orifice area distribution in the duct's central region: 
the transverse orifice area distribution being the l ocally averaged spatial density of orifice area per duct 

cross-sectional area, when projected onto a plane transverse to the duct . 

along a first curvilinear direction along, or circumferential ly about the elongated contactor 
surface, at lca3t one of: 
| the distribution of orifice spatial locations i3 systematically varied; 

the distribution of orifice 3izc is systematically varied; and 

the distribution of orifice orientation, relative to the circumferential direction of the elongated 
fluid contactor, is systematically varied 
| Claim 57 (Withdrawn! 

The apparatus of claim 56, wherein 3aid fluid delivery system comprises a manifold delivering 
fluid to multiple elongated fluid contactors. 
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I Claim 58 (Curreptly Amended) 

The apparatus of claim 5756, wherein said fluid del ivery system comprises a manifold 
delivering fluid said elongated fluid contactor oompriaoa to a plurality of curvilinear elongated contactor 
segments extending transversely to the second fluid flow path in the duct. 

Claim 59 (Previously Presented) 

The apparatus of claim 58, wherein one of said elongated fluid contactor segments is positioned 
downstream of another elongated fluid contactor segment relative to the flow path of the second fluid. 

Claim 60 (Withdrawn) 

The apparatus of claim 56, wherein the first fluid comprises a liquid, the second fluid comprises 
a gas, and wherein the orifices and the first fluid delivery system are configured so that a prescribed 
portion of the first fluid evaporates in the second fluid within the duct. 

Claim 61 (Withdrawn) 

The apparatus of claim 60, wherein the prescribed portion of the first fluid evaporates within a 
prescribed distance from the fluid contactor orifices. 

Claim 62 (Withdrawn) 

The apparatus of claim 60, wherein the first fluid delivery system is configured to control one 
of the delievery pressure and/or the flow rate of the first fluid in the fluid contactor. 

Claim 63 (Withdrawn) 

The apparatus of claim 56, wherein the fluid delivery system further comprises a vibration 
generator configured to vibrate the fluid contactor. 

Claim 64 (Withdrawn) 

The apparatus of claim 63, wherein the vibration generator vibrates the fluid contactor in a 
direction generally perpendicular to the axes of most of the orifices. 
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The apparatus of claim 56, wherein the fluid delivery system further comprises a high voltage 
power supply, having a first electrode connected to the elongated fluid contactor comprising orifices, 
and having a second electrode connected to one of the duct, an electrode within the duct, and a second- 
elongated contactor comprising orifices, configured to establish an electric field which modifies the 
flow of the -liquid first fluid delivered by said orifices into a gaseous second fluid . 

| Claim 66 (Currently Amended ) 

The apparatus of claim 65, wherein the mean magnitude of the applied high voltage is within a 
prescribed desired range to reduce the liquid cross sectional area of the first fluid after it passes through 
said orifices without causing an arc. 

| Claim 67 (Currently Amended) 

The apparatus of claim 65, wherein the power supply is configured to provide a fluctuating 
voltage within a prescribed range to oscillate the delivered liquid first fluid flow. 

Claim 68 (Previously Presented) 

The apparatus of claim 98, wherein the areal density of said plurality of orifices is at least 
100,000 per square meter of duct cross sectional area. 

Claim 69 (Previously Presented) 

The apparatus of claim 56, wherein said plurality of orifices have an average diameter of less 
than about 80 microns. 

Claim 70 (Previously Presented) 

The apparatus of claim 56, wherein a portion of said elongated fluid contactor comprises a 
tubular member configured to form a three dimensional curvilinear structure having a plurality of 
curvatures. 

Claim 71 (Previously Presented) 

The apparatus of claim 56, wherein said elongated fluid contactor comprises a flexible support 

for connecting said fluid delivery system to said plurality of orifices. 

-4- 

{VAST-086-20100522} 



Claim 72 (Previously Presented) 

The apparatus of claim 56, wherein said elongated fluid contactor comprises: 

at least one curvilinear tubular member through which the first fluid is delivered, and which has 

an axis of elongation that extends in a direction approximately parallel to at least a portion of the flow 

path of the second fluid; and 

at least one manifold that connects said tubular member to the fluid delivery system. 

Claim 73 (Previously Presented) 

The apparatus of claim 56, wherein said elongated fluid contactor comprises at least one 
curvilinear tube extending transversely to the second fluid flow path. 

| Claim 74 (Currently Amended) 

The apparatus of claim 56, wherein said orifices are configured to deliver the first fluid into the 
flow path of the second fluid within an annular duct with an asymmetric non - uniform distribution 
transverse to the second fluid flow pat h from the inner duct radius to the outer duct radius . 

| Claim 75 (Currently Amended ) 

The apparatus of claim 56, wherein a first plurality of s eme-orifices on a first transverse 
elongated portion with their h ave-a-longitudinal axis oriented at a first i haHs-oblique angle t o the 
longitudinal axi3 of a local the firsLelongated fluid contactor lon gitudinal axis, and a second plurality 
pf orifices on $ second adjacent trensyerse elongated portion oriented at ^ second longitudinally oblique 
an gle . 

| Claim 76 (Currently Amended ) 

The apparatus of claim 56, wherein sftkk>rifices on the elongated fluid contactor are configured 
with a plurality of attack angles between orifice axis and the duct axis, and orifices on a nearby 
elongated contactor are configured with a plurality of attack angles, flow distribution transverse to the 
3ceond fluid flow path.non-uniform non - uniform spatial distribution of orientation to deliver the first 
fluid into the second fluid with a 



| Claim 77 (Currently Amended ) 
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The apparatus of claim 56, wherein said orifices are configured with a normalized convex 
non uniform spatial traverse distribution of size differing from the normalized design convex 
second fluid flow, in the central region, flow diatribution transverse to the second fluid flow 
pathnon - uniform to deliver the first fluid into the flow r path of the 3ccond fluid with a .. 

| Claim 78 ( Currently Amended) 

The apparatus of claim 98, wherein said orifices are configured with a normalized convex 
non - uniform transverse spatial distribution of areal density differing from the normalized design 
convex transverse second fluid flow, in the central region, distribution transverse to the 3ccond fluid 
flow pathnon - uniform to deliver the fir3t fluid into the flow path of the second fluid with a . 

| Claim 79 (Currently A mended! 

The apparatus of claim 56, wherein said elongated fluid contactor and said orifices have a 
convex onc or more non - uniform netorifice size_distributions and a convex orifice net spatial 
distribution;. 

wherein the orifice area distribution is calculated on a net jet delivery cross sectional area at the 
design first fluid flow with a net cross sectional duct area excluding the projected area of the elongated 
fluid contactor: and 

wherein the normalized convex transverse net orifice size distribution differs from the 
normalized convex transverse orifice spatial distribution in the central duct region. a rc configured to 
deliver the fir3t fluid into the 3ceond fluid, to provide a prescribed non - uniform transverse distribution 
of the fir3t fluid in the 3ccond fluid, the non - uniform distribution being taken at a plurality of locations 
along a curvilinear path transverse to the 3ocond flow. 

I 

Claim 80 (Withdrawn) 

The apparatus of claim 56, w T hcrcin 3aid elongated fluid contactor and said one or more non - 
uniform orifice distributions arc configured to deliver the first fluid into the second fluid, to provide a 
prescribed non - uniform transverse distribution of the ratio of the first fluid to the second fluid, by mass 
or by volume; the non - uniform distribution being taken at a plurality of locations along a curvilinear 
path transverse to the second flow. 



Claim 81 (Previously Presented) 
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The apparatus of claim 56, wherein the elongated fluid contactor has a streamlined cross-section 
with respect to the flow path of the second fluid. 

| Claim 82 (Currently Amended) 

The apparatus of claim 56, wherein the elongated fluid contactor comprises a thin walled sheet 
attached to a structural membe r, wherein the thin wall thickness is between 5% and 50% of the 
structural wall thickness, and wherein the orifices are formed in the thin walled sheet have a thickness 
to diameter ratio greater than 10:1. 

| Claim 83 (Currently Amended) 

The apparatus of claim 56, wherein the elongated fluid contactor comprises a wall with thinner 
portions with orifices configured in said thinner portion s, the orifices having a diameter less than 10% 
of the thinner wall thickness. 

Claim 84 (Withdrawn) 

A method for mixing a first fluid with a second fluid, the method comprising: 
providing a fluid delivery system for transporting the first fluid to a mixing region; 
providing a duct which forms a flow path for the second fluid through the mixing region; 
providing a fluid contactor which forms a flow path for the first fluid; 
wherein the fluid contactor includes: 

an inlet for receiving the first fluid from the fluid delivery system; and 

a plurality of orifices providing fluid communication between the flow path in the fluid 
contactor and the second fluid within the duct; 

controlling the delivery pressure and/or the flow rate of the first fluid in the fluid contactor; 

configuring the fluid contactor and one or more of the spatial distributions of areal density, 
orientation, and size the outlet orifices in accordance with selected parameters characterizing the first 
and/or second fluid to achieve a desired distribution of the first fluid in the second fluid; and 

delivering the first fluid into the second fluid flow path through the outlet orifices. 

Claim 85 (Withdrawn) 
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The method of claim 84, wherein the mass flow rate or the volume flow rate of the first fluid as 
delivered into the second fluid is controlled such that the first fluid is non-uniformly distributed 
transversely to the flow path of the second fluid. 

Claim 86 (Withdrawn) 

The method of claim 84, wherein the pressure of the first fluid as delivered into the second fluid 
is controlled such that the first fluid is non-uniformly distributed transversely to the flow path of the 
second fluid. 

Claim 87 (Withdrawn) 

The method of claim 84, wherein the distribution of the mass flow rate or the volume flow rate 
of the first fluid as delivered into the second fluid is controlled such that the first fluid is uniformly 
distributed transversely to the flow path of the second fluid. 

Claim 88 (Withdrawn) 

The method of claim 84, wherein the pressure of the first fluid as delivered into the second fluid 
is controlled such that the first fluid is uniformly distributed transversely to the flow path of the second 
fluid. 

Claim 89 (Withdrawn) 

The method of claim 84, wherein the fluid contactor is configured by positioning an orifice to 
achieve a desired distribution of the first fluid in the second fluid along a transverse direction to the 
flow path of the second fluid. 

Claim 90 (Withdrawn) 

The method of claim 84, wherein the first fluid comprises a liquid and wherein at least a portion 
of the first fluid is evaporated after delivery into the second fluid. 

Claim 91 (Withdrawn) 

The method of claim 90, wherein the delivery of the first fluid is controlled along a transverse 
direction to the flow path of the second fluid to achieve a desired distribution of evaporated first fluid. 
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Claim 92 (Withdrawn) 

The method of claim 84, wherein the step of controlling the delivery pressure and/or the flow 
rate of the first fluid in the fluid contactor comprises: 

determining the mass or volume flow of the second fluid; and 

adjusting the flow of the first fluid to achieve a desired ratio of the mass or volume flow of the 
first fluid to the mass or volume flow respectively of the total fluid flow in the 'duct. 

Claim 93 (Withdrawn) 

The method of claim 92, wherein the ratio of the mass or volume flow of the first fluid to the 
mass or volume flow respectively of the total fluid flow, is controlled to vary according to a position 
within the duct. 

Claim 94 (Withdrawn) 

The method of claim 84, wherein the step of controlling the delivery pressure and/or the flow 

rate of the first fluid in the fluid contactor comprises: 

monitoring a fluid temperature distribution at a location in the duct; and 

adjusting the delivery of the first fluid into the second fluid to achieve a desired temperature 

distribution in the duct. 

Claim 95 (Withdrawn) 

The method of claim 94, wherein a portion of the first fluid is evaporated in the duct to achieve 
the desired temperature distribution. 

| Claim 96 (Currently Amended) 

The apparatus of claim 56 wherein the elongated fluid contactor and orifices are configured 
with one of a non-uniform orifice size axial distribution, and a non-uniform orifice spatial axial 
distributiQn parallel to the duct axis. 

of the spatial locations, 3izc, and orientation, of the orifices arc configured, to deliver a 
prescribed non - uniform 3trcamwisc distribution of the fir3t fluid in the second fluid; the non - uniform 
distribution being taken at a plurality of locations along a curvilinear path strcamwisc along the 
3ccond flow direction respectively., and one or more non - uniform distributions 



{VAST-086-20100522} 



-9- 



I Claim 97 (Currently^mended) 

The apparatus of claim 5628 wherein the elongated fluid contactor, and the orifices are 
configured with one or more a non-uniform of the sdistribution^ rifice.spatial axial distribution, and 
a non-uniform qrifice size axial distribution, glong the duct axis- 
locations, size, and orientation, of the orifices ore configured, to deliver a prescribed non - 
uniform strcamwiso distribution of a ratio of the first fluid to the 3ceond fluid, by mass or by 
volume, the non - uniform distribution being taken at a plurality of locations along a curvilinear path 
strcamwisc along the 3ccond flow direction respectively. 

The apparatus of claim 56, further comprising at least one of a elongated fluid contactor having 
a plurality of portions comprising outlet orifices, and a plurality of elongated fluid contactors 
comprising outlet orifices, wherein at least one of the fluid contactor and the outlet orifices are 
configured such that along a second curvilinear transverse direction, the net areal density distribution of 
neLorifice area taken areal density between the ©trtef-portions or etrter-contactors A is convex in the 
central region of the duct.non - uniform . 

| Claim 99 (Currently Amended) 

The apparatus of claim 56, wherein the apparatus orifices distributions isare-configured to -with 
one of; 

| at least deliver a concave transverse distribution in a non-central duct region . 

| ;prc3cribcd non - uniform 3trcamwi3c distribution of the first fluid in the second fluid.; and 
| a prescribed non - uniform transverse distribution of the first fluid in the second fluid 

| Claim 100 (Currently Amended) 

The apparatus of claim 56, wherein the apparatus orifice distributions are configured to deliver at- 
least one of: 

a prescribed non-uniform transverse distribution of a ratio of the normalized transverse orifice 

area d ist ri bution to t h e n ormalized transverse design fir3t fluid to the second fluid flow distribution , by 
mass or by volume , across the ducfr -and 

| a prescribed non - uniform 3trcamwi3C distribution of a ratio of the fir3t fluid to the second 

| fluid, by mass or by volume . 
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I Claim 101 (Currently Amended) 

i The apparatus of claim 56, wherein the distribution of the absolute value of orifice angle of attack 
to the second fluid flow path is non-uniform, along the elongated fluid contactor axis or 
circumferentially around the elongated fluid contactor, excluding a first andor second orthogonal 
directions transverse to the second fluid flow path. 

| Claim 102 (Currently Amended ! 

The apparatus of claim 56, wherein the systematically varied distribution of orifice spatial 
locations, orifice size or orifice orientation i3 a progressively varied distribution. 

wherein in a non-central duct region, the orifice spacing transverse distribution has a concave portion 
and the orifice size transverse distribution has a concave portion. 

I 

| Claim 103 fNevv) 

The apparatus of claim 98 wherein the spacing varies transvers ely to the duct, between one of 

the plurality of portions comprising outlet orifices and the plurality of elongated fluid contactors. 
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